Acute lymphoblastic leukemia (ALL) is thought to arise from the clonal expansion of a single transformed precursor cell. However, an oligoclonal lg heavy chain (IgH) rearrangement pattern has been observed in 30% of ALL patients and was shown to be the result of ongoing rearrangement events. The extent and nature of these ongoing rearrangement processes in individual patients has so far remained obscure. We performed a detailed analysis of leukemic V, DJ, rearrangements in three children with B-precursor ALL at diagnosis and one B-lymphoid blast crisis of a child with Ph+ chronic myeloid leukemia at diagnosis and relapse. The children were selected because they presented with multiple IgH rearrangements on Southern blot analysis. Polymerase chain reaction analysis of leukemic cells from two B-precursor ALL patients showed exclusively two groups of related sequences resulting from V , gene replacement events. Most V, gene replacements in-URING EARLY B-cell development, somatic recom-
Acute lymphoblastic leukemia (ALL) is thought to arise from the clonal expansion of a single transformed precursor cell. However, an oligoclonal lg heavy chain (IgH) rearrangement pattern has been observed in 30% of ALL patients and was shown to be the result of ongoing rearrangement events. The extent and nature of these ongoing rearrangement processes in individual patients has so far remained obscure. We performed a detailed analysis of leukemic V, DJ, rearrangements in three children with B-precursor ALL at diagnosis and one B-lymphoid blast crisis of a child with Ph+ chronic myeloid leukemia at diagnosis and relapse. The children were selected because they presented with multiple IgH rearrangements on Southern blot analysis. Polymerase chain reaction analysis of leukemic cells from two B-precursor ALL patients showed exclusively two groups of related sequences resulting from V , gene replacement events. Most V, gene replacements in-URING EARLY B-cell development, somatic recom-D binations at the IgH locus give rise to unique VHDJH rearrangements in every newly generated B cell.' Because acute lymphoblastic leukemia (ALL) is thought to arise from the clonal expansion of a single transformed precursor cell,* IgH rearrangements, notably the hypervariable complementarity determining region 3 (CDR3) regions, have found widespread application as clonal markers for monitoring of minimal residual disease (MRD).3-6 However, in 30% to 40% of ALL patients at diagnosis, more than two rearranged bands are observed on Southern blots probed with a J, This oligoclonality may seriously interfere with the detection of MRD using VHDJH junctional probes. The observed subclone formation may be due to four different mechanisms: (1) VH gene replacement as described for virus-transformed pre-B-cell line^,'^'^ (2) V, to DJH joinings, (3) DJH replacement^,'^ or (4) ongoing rearrangements in an unrearranged precursor cell. 15 Cloning and analysis of the major rearranged Ig genes in oligoclonal ALL was in agreement with mechanisms (2) and (4), although multiple DJ, replacements could not be excluded. More recently, Wasserman et all7 also showed the occurrence of mechanism (1) in B-precursor ALL by studying related polymerase chain reaction (PCR)-amplified sequences. However, all these studies focussed on the identification of rearrangement mechanisms underlying oligoclonality and were not detailed enough to allow a complete characterization of the subclone formation process in an individual patient. In the present study, VH family-specific framework region 1 (FRl) primers in addition to a framework region 3 (FR3) consensus primer were applied. This allowed a detailed analysis of leukemic V,DJH rearrangements in three childhood B-precursor ALL patients at diagnosis and a child with a blast crisis (BC) of chronic myeloid leukemia (CML), both at diagnosis and relapse. Our results provide more insight into ongoing rearrangement processes responsible for oligoclonality in childhood ALL.
volved 3 located acceptor V, genes. Analysis of cells from the other B-precursor ALL patient showed exclusively related sequences as a result of v, gene joinings to a pre-existing DJ, rearrangement. In the B-lymphoid blast crisis. a single germline precursor cell had generated multiple unrelated rearrangements and additional groups of related rearrangements resulting from V, to DJ, joinings. Direct proof for the V, to DJ, joining mechanism was obtained by amplification of the expected preexisting DJ, rearrangements. Our findings suggest that the pattern of ongoing rearrangements in an individual patient reflects the IgH rearrangement status of the precursor cell at the time of malignant transformation. Sequence analysis of V, DJ, rearrangements at diagnosis may therefore allow a prediction of the reliability of complementarity determining region 3 probes for the detection of minimal residual disease.
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MATERIALS AND METHODS
Bone marrow was obtained from three children with B-precursor ALL and one child with a lymphoid BC of CML (Table I) . Bone marrow from the B-precursor ALL patients showed more than 90% blasts, whereas the CML bone marrow showed 46% CD 10' blasts, with proportionally granulocytic hyperplasia. Informed consent was obtained according to the rules of the hospital. EDTA-anticoagulated bone marrow samples taken at time of diagnosis or relapse were subjected to Ficoll-hypaque ( I .077 g/mL; Pharmacia, Uppsala, Sweden) density gradient centrifugation, and the mononuclear cell fraction was cryopreserved. Cytogenetic analysis was performed using both the direct and 24-hour culture method.
Southern blot analysis. High molecular weight (HMW) DNA was isolated according to standard procedures.18 Ten micrograms of DNA was digested with the appropriate restriction endonucleases (Promega, Madison, WI), and transferred onto nitrocellulose filters (Schleicher and Schuell, Dassel, Germany). Hybridization and washing conditions were as described previo~sly.~~ The H24 probe is a 2.8-kb EcoRI-Bgl I1 JH fragment.*' The 3' BCR probe, a 582 STEENBERGEN ET AL Fig 1. DNA was prepared using Qiagen spin columns for preparation of genomic DNA from cells according to the manufacturers' instructions (Diagen, Dusseldorf, Germany). FRI-PCR, with a V, family-specific FRI-primer (VH 1, VH2, VH3, VH4a, VH4b, VH5, and VH6) in combination with consensus JH primer JH26, was performed as described previously?2 For FR3-PCR, 1 pg of DNA was added to a 50 pL reaction mixture containing 50 mmol/L KCI, 10 mmol/L Tns-HCI, pH 9.0.
Taq Polymerase (Promega), and 300 nmol/L each of the consensus JH primer JH22 and the consensus V, primer FR3. The thermal cycling protocol consisted of 7 minutes at 94"C, 10 cycles of 30 seconds at 94"C, and 45 seconds at 55"C, followed by 30 cycles of 30 seconds at 89°C and 45 seconds at 55"C, and, finally, 7 minutes at 72°C. For DJ-PCR, PCR with primers DLR, which matches the 5' signal sequence/spacer region of the D,, diversity gene family,23,24 and JH22 was as described for the FR3-PCR. Negative controls in all PCRs were a peripheral blood lymphocyte DNA sample and water.
Direct sequencing of DJ, and VHl-, VH2-, V A -, VH5-, V&-DJ, rearrangements. First-round PCR product was precipitated, separated by electrophoresis on an 8% polyacrylamide gel, and visualized by ethidium bromide staining. Distinctly positive bands were excised, and DNA was eluted from the gel and subjected to a second round of 30 PCR cycles. For DJH fragments, reamplification was performed with the original primer set, whereas for every VHDJH fragment two reamplifications were performed, applying in each case one of the original primers together with an internal primer (VH/JH2O and JH26/FR3). Second-round PCR product was excised from a 2% agarose gel, extracted, and redissolved in water.
Products were completely sequenced on both strands using the Sequenase protocol (US Biochemical CO, Cleveland, OH) essentially as described previou~ly.~~ A modification was that only 35S-dATP was used as label.
Subcloning and sequencing of FR3-and VH3-PCR products. Purified PCR products were digested with San and Xbal (Promega) and separated on a Nusieve agarose gel (BioRad, Richmond, CA). The appropriate gel slices (72 to I94 bp and 300 to 450 bp for FR3-and FRI-PCR product, respectively) were excised. DNA was extracted using the Qiaex protocol (Diagen) and ligated into the pUC18 plasmid vector. DH5a bacterial cells were electrotransformed26 with ligation mixture. Thirty white colonies (unless indicated otherwise) were analyzed by G-lane sequencing using the Sequenase protocol (US Biochemical CO). After this initial analysis, CDR3 regions of interest were completely sequenced. To eliminate Taq polymerase errors, three identical clones were sequenced (unless indicated otherwise). pUC I8 containing the appropriate VHDJH insert was used as template for PCR with primer set FR3/JH20. The amplified CDR3 fragment was digested with Ifaelll restriction endonuclease (Promega), which removes the 5' part of primer JH20. and fragments were separated on a 3% agarose gel. The CDR3 fragment was extracted from the gel using the Qiaex protocol (Diagen). Subsequent labeling of the CDR3 fragment with DNA polymerase I/Klenow fragment (Pharmacia) was initiated by a hexanucleotide (5'-TTACTG-3') matching the 3'end of the FR3 primer and performed overnight at 0°C.
Hyhridizdon. PCR product or colonies were transferred onto nylon filters (Zeta probe). Hybridization of the filters with CDR3-specific probes was performed overnight in 6X SSC ( 
Filters were washed at high stringency in 0.1 X SSC/O.l% sodium dodecyl sulfate (SDS) at 70°C for 20 minutes.
Sequence ana/.vsis. Obtained nucleotide sequences were compared to previously published VH,9.24.2'-36 D,23.28.3'*'7 and JH genes" with the algorithms of the Microgenie DNA software (Intelgenetics, Mountain View, CA). Positions in VH genes are according to Kabat et al." We used the following criteria when assigning D genes: ( I ) the longest stretches with the highest homology were chosen; (2) if nucleotides could be assigned to both a J H and a D gene, JH homology was preferred; (3) both forward and reverse orientation of D genes was considered: and (4) DIR gene homology was not accepted.
RESULTS
Leukemic B cells from three childhood B-precursor ALL patients and one child with a lymphoid BC of CML were subjected to detailed VHDJH rearrangement analysis. DNA samples from each patient underwent eight different VHDJH region amplifications. In each amplification, one of the V, family-specific FRl primers or the consensus FR3 primer was used, together with a consensus JH primer (Table I) .
were directly sequenced, whereas FR3-PCR product and products of rearrangements involving V, genes from the large VH3 family were subcloned. All subcloned PCR products were analyzed by G-lane sequencing of 30 transformants. VHDJH rearrangements were considered to be of leukemic origin if they were detected in two PCR reactions performed with different primer sets, were represented by multiple copies in the FRfPCR, or were rearrangements with identical DJH regions. As for unrelated clones, the distinction between leukemic and reactive clones can only be made on basis of clone size; these criteria were necessary to secure that only larger unrelated clones were included. F R I primers amplify only a subset of rearrangements and may therefore detect small nonleukemic reactive clones. It has been shown that multiple copies in the FR3-PCR are never detected when analyzing a polyclonal B-cell population. 40 The sometimes different results when using either consensus FR3 primers or V, family-specific FR 1 primers are due to missmatches and/or deletions in the FR3 region and the fact that smaller clones are more readily identified with the FRI primers. Patient A presented with a B-precursor ALL (immunophenotype and karyotype are shown in Table I ). Southern blot analysis with a JH probe showed 4 rearrangements in Bg/ I1 and BumHI/HindIII double digests (Fig 2) . V, I-, VH3-9 and VH4a-PCR amplified three VHDJH joinings v~l -, v,2-, v&-, VH4b-9 VH5-3 and V,6-PCR products (AVI, AV3, and AV4), all with an identical D,&,Sbjoining (Fig 3A) . Also, in 28 of 28 FR3-PCR sequences analyzed, only AV l, AV3, and AV4 were identified. The homology breakpoint was consistently found within the D, 3 coding region, and no N-nucleotide homologies were present at the VHDjunction. Therefore, a V, gene joining to a preexisting DJH rearrangement was the most probable underlying rearrangement mechanism. Attempts to amplify the expected preexisting D,3-JH5b joining with primer pair DLR/JH22 gave nodistinct PCR product. However, hybridization with a CDR3-specific probe derived from AV3 showed the presence of the expected 115-bp DJH joining. The hybridization signal was lost in a I: 100 dilution of patient bone marrow DNA into peripheral blood lymphocyte DNA, indicating that approximately 1 in 1,000 bone marrow mononuclear cells belonged to the DJ,-rearranged precursor clone, which was therefore too small to be represented by the fourth rearranged band on Southern blot (data not shown).
Patient B presented with a B-precursor ALL (Table I) . Southern blot analysis with the JH probe showed multiple rearrangements in Bg/ I1 and BumHI/HindIII double digests (Fig 2) . Probing with a V,6 coding region probe identified the major 9.4-kb Bg/ I1 and 7.5-kb BamHI/HindIII restriction fragments as V,6-DJH rearrangements (Fig 2) . V, 2 IyI. 
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DV3-67 DV3-51 DV3-38 and VH6-PCR amplified two rearrangements (BV2 and BV6) (Fig 3B) . The VH2 gene in BV2 had a one nucleotide difference (AAT + GAT at position 54) with VII-5,4' which is one of the five most 3' located V, genes. The V,6 gene in BV6 was identical to the previously described V,6." Analysis of VH3-PCR product showed four single copy sequences (BV3-5, -6, -27, -34), which were related to BV2, all with an identical D,,4-JH5b joining. In addition, a large number (22 of 40) of unique single copy sequences, unrelated to each other or other sequences, were present. Two joinings were represented by multiple copies (5 of 40 and 9 of 40, respectively). As larger leukemic clones should also be present in the FR3-PCR, we screened FR3-PCR transformants for the presence of these joinings with CDR3-specific probes. However, these sequences were not detected among 200 FR3-PCR transformants, despite a 100% FR3 primer match, and Patient C presented as a B-precursor ALL with normal karyotype (Table I) . Southern blot analysis with the JH probe showed multiple rearrangements in Bgl I1 and BumHI/HindIII double digests (Fig 3) . The difference in number and intensities of fragments in the two digests may be due to a gel loading difference. v, I-, VH2-9 and vH4a-PCR amplified CV 1, CV2, and CV4, respectively (Fig 3C) . The V, I gene in CV 1 was identical to VI-4.1 b ! ' The vH2 gene in CV2 had a one nucleotide difference at position 54 with VII-54' and was identical to the V, gene in BV2. Both VI-4.lb and VII-5 belong to the 5 most 3' located V, genes!' Analysis of the VH3-PCR product showed one major clone (CV3-6) and two single-copy clones (CV3-7 and CV3-8). Analysis of FR3-PCR product showed CV3-6, which also was the major clone in the VH3-PCR, in 14 of 23 transformants. In addition, three copies ofclone CC-5 and 5 single-copy clones (CC-IO, -19, -23, -25, and -29) were identified. All sequences except CV4 and CC-25 were related sequences with an identical D,I(inv)-J,Sb joining and r e p resented the first group of related sequences in this patient. Clones CC-25 and c v 4 shared an identical DLR2-J,4b joining and represented the second group. Sequences from both groups showed considerable N-nucleotide homology at the VHD junction, pointing towards a V, gene replacement mechanism. All leukemic rearrangements except CC-10 were in frame joinings.
Patient D suffered from Ph+ CML and presented with a lymphoid BC of the pre-B phenotype ( Table 1) . Southem blot analysis with the 3' BCR probe showed a single rearranged fragment in the Bgl I1 and EcoRI digests (data not shown), confining the translocation breakpoint to the CML major breakpoint cluster region." Southern blots probed with the JH probe showed multiple IgH rearrangements in both the Bgl I1 and BumHI/HindIII double digests (Fig 2) . After diagnosis, patient D was treated and achieved a clinical remission. Six months after diagnosis, the disease relapsed. The presence of the previously detected translocation breakpoint was confirmed by Southern blot analysis (data not shown). IgH rearrangement analysis with the JH probe again showed multiple rearrangements in both digests, although they were differently sized as at the time of diagnosis (Fig 2) . FRI-PCR analysis of diagnosis bone marrow resulted in three unrelated sequences, a VH4-DJH rearrangement (DV4) and two VH3-DJ, rearrangements (DV3-2 and DV3), which were present in 12 and 3 of 25 VH3-PCR transformants, respectively (Fig 3D) . In addition, four singlecopy VH3-DJ, rearrangements with an identical DLR4-JH5bjoining were found (DV3-67, -69, -5 1, and -38). Analysis of FRfPCR transformants showed 16 of 28 and 2 of 28 copies, respectively, of DV4 and DV3-2. Furthermore, 7 of 28 transformants contained a new leukemic clone (DC-I). Finally, three single-copy sequences were found, two of which had an identical DLR4-JH3 joining (DC-2 and DC-9). Screening of 200 FR3-PCR transformants with a CDR3-specific probe derived from DV3-69 identified a fifth clone (DCS) with the previously found DLR4-JHSb joining. Analysis of relapse bone marrow showed that DV3, which was only present in 3 of 25 VH3-PCR transformants at the time of diagnosis, had now become the most prominent clone in both the VH3-PCR and the FR3-PCR (1 8 of 29 and 9 of 29, respectively). Furthermore, two new sequences (DV3-R2 and DC-R 1) not amplified from bone marrow at diagnosis and a singlecopy clone (DC-R 16) with a previously identified DLR4-JH3 joining (DC-2 and DC-9) were present. The PCR detection assay showed that at diagnosis the number of cells representing DV3 was about 1% of those present at relapse, whereas cells representing clones DV3-R2 and DC-R 1 were not detectable at diagnosis (<O. 1% of those present at relapse) (Fig 4) . In this patient, the homology breakpoints for related sequences were consistently found within the coding region of the involved diversity gene (DLR4 in both cases), suggesting as V, to DJH rearrangement mechanism.
Direct proof for this mechanism was obtained by amplification and sequencing of the expected preexisting DLR4-JH5b joining (DDI) in bone marrow at diagnosis and the D, 3-JH3 joining (DD2) at both diagnosis and relapse (Fig 3D) . Two additional unrelated DDJ, joinings (DD3 and DD-RI) were identified at diagnosis and relapse, respectively. For
DISCUSSION
B-precursor ALL is assumed to be a monoclonal proliferation. However, Southern blot analysis of leukemic blasts at diagnosis shows that, in a considerable number of patients, the leukemia is oligoclonal in respect to the Ig gene configuIn the present study, we analyzed PCR-amplified VHDJ, regions of four patients who displayed multiple Ig gene rearrangements on Southern blot analysis. We designed an approach that enabled us to identify many different leukemic VHDJH regions, including infrequent and unrelated ones, in the individual patient.
Information was obtained regarding (1) rearrangement mechanisms, (2) developmental stage-dependent restriction of ongoing rearrangement processes, and (3) the sequential emergence of subclones. A possible bias in our data due to PCR artifacts, such as jumping PCR4* or post-PCR heteroduplex formation and in vitro repair mechanism^,^^ was excluded, because many sequences were confirmed in different independent PCR reactions and a number of PCR products were directly sequenced.
Our results show that oligoclonality in Bprecursor ALL is based on ongoing rearrangement events involving V, gene replacements, V, to DJH joinings, and the generation of new rearrangements from a germline IgH locus.
V, gene replacements, as described in precursor B-cell line^,'^*'^.^ were observed in two patients (B and C). In the related clones, different V, genes were joined to an identical DJH region, leaving a variable degree of N-region homology at the V,D junction. In one of the clones found in patient B (BV6), the V,6 gene was joined to the common DJ, region. Because the VH6 gene is the most 3'located V, gene,31 BV6 must have been the first rearrangement. In agreement with the proposed V, gene replacement m e~h a n i s m , '~, '~ retention in secondary sequences of the VH6 gene segment (CAA) that is located just 3' to the conserved internal V, gene heptamer (TACTGTG) is found in clone BC-19 (Fig  5) . Similarly, the retention of the 3' VH4 gene segment (CGAGACA) of clone CV4 in clone CC-25 is in accordance with this mechanism. Sequence analysis of v, gene regions of BV6 (V,6) and CV4 (V2-1)36 showed no additional signal sequences, suggesting that these V, gene replacements were indeed only mediated by the internal 3' VH gene heptamer."
Mechanisms.
In a recent study on the V, gene replacement mechanism in a murine virus-transformed pre-B-cell line,'* limited diversification at the VHD junction was observed. This was due to the complete retention of the 3' donor V, gene segments in secondary sequences in combination with very limited N-nucleotide addition. In contrast, our secondary sequences mostly showed both nucleotide additions and extensive exonuclease nibbling, which for clone BV3-34 extended into the D gene coding region, consequently eliminating the hallmarks for the V, gene replacement mechanism in many subclones. Also, the reported strong preference for one single donor V, gene was not observed.
Theoretically, the N-region homology in related subclones could also have been the result of "open and shut" events45 at the 5' signal sequence/coding region of a DJ, rearrangement and subsequent V, additions to this modified DJH joining. However, the rare "open and shut" events, which presumably serve to prevent illegitimate joinings, are usually accompanied by only small deletions and/or insertions and are therefore unlikely to generate long homologous N -r e g i~n s .~~ Furthermore, the retention of 3' V, gene regions in secondary sequences is incompatible with this mechanism. V, to DJ, joinings were observed in two other patients (A and D). Both the consistent finding of the homology breakpoints for related sequences within the diversity gene coding regions and the absence of N-region homology at the V,D junction are in accordance with the V, to DJH joining mechanism. Moreover, the detection of the DJH rearranged precursor in the bone marrow of patient A and the amplification and sequencing of the expected preexisting DJ, rearrangements (DDl and DD2) in patient D provide direct proof for this mechanism.
A set of unrelated DJ, and VHDJH rearranged clones at both diagnosis and relapse was observed in patient D. The usage ofJ,3 in five unrelated clones rules out the possibility that multiple DJ, replacement^'^ generated the observed pattern. Therefore, to explain the presence of multiple unrelated and related clones in a manner consistent with the clonal origin of leukemia,46 all leukemic clones must have emerged from a single unrearranged precursor cell. This notion is also supported by the fact that some clones present at relapse were not detectable at diagnosis. For personal use only. on October 25, 2017 . by guest www.bloodjournal.org From
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Developmental stage-dependent restriction. All the leukemic sequences that we identified in an individual patient fit into one distinct ongoing rearrangement pattern. This finding strongly suggests that ongoing rearrangement processes are restricted, depending on the developmental stage (ie, IgH rearrangement status) of the precursor cell at the time of malignant transformation.
In vitro experiments have shown that heptamer-mediated recombinations are considerably less efficient than recombinations mediated by complete heptamer/nonamer signal sequence^.'^.^' Based on these studies, V, gene replacement as the predominant rearrangement mechanism would only be expected in cells with a completely VHDJ, rearranged IgH locus. The occurrence of two groups of related sequences, exclusively resulting from V, gene replacements, in both patients B and C is in agreement with this hypothesis. However, small unrelated clones may have been missed due to the approach. Presumably, in these patients the leukemic transformation took place in a completely rearranged precursor cell.
In patient D, the malignant transformation took place in an immature unrearranged precursor cell. Subsequent ongoing rearrangements gave rise to both unrelated and related clones as a result of V, to DHJH joinings. v, gene replacements may be absent in both patients A and D because of the relative inefficiency of this mechanism, as opposed to V, to DJ, j~inings.'~,~'
Data from the literature support the view that rearrangement patterns similar to those in patient D may be restricted to leukemic cells with stem cell features. The presence of multiple unrelated sequences at diagnosis, or completely different sequences shortly after diagnosis, has previously been observed in three patient^,'^.'^.^^ two of which had stem cell features. In one patient, the leukemic cells had an immature phenotype?* whereas cells from the other patient camed a t(4;l I ) translocation. 16 No additional data were given on the third patient.I5
Continuous subclone formation. In three of four patients that we examined, the number of identified leukemic clones exceeds the number of rearranged bands on Southern blot, which shows that in these patients small subclones were also present at diagnosis. There is most likely a continuous generation of subclones. If the rate of subclone formation is low, then without further selection, the initial clones will present as the most prominent ones. Indeed, in patient B, the larger clones (BV2 and BV6) seem to have emerged first in the disease process. Sequence analysis of the V,-D junctional regions is compatible with this hypothesis. Moreover, the involved V, genes (VH6*' and VII-S4') both belong to the five most 3' located V, genes.41 Probably, in this patient, the initial clone randomly generated all subclones, rather than one clone giving rise to another in a sequential order. In contrast, in patient C, the major clone (CV3-6), which is a VH3-DJ, rearrangement, cannot have been the initial clone because VI-4. I b and VII-5 (used in CV 1 and CV2, respectively) are located more 3' than any V,3 gene.
Subclone formation in this patient involved selection, as all clones except CC-10 had a functional VHDJH rearrangement. Analogous to the V, gene replacement process observed in virus-transformed pre-B-cell line^,'^,'^,^^ the only nonfunctionally rearranged clone (CC-10) may have been the initial clone from which all functionally rearranged clones emerged. Sequence analysis also supports this hypothesis, as retention of nucleotide stretches derived from a 3' V, gene segment (CGAGAGA) present in CC-IO is found in most of the CC-IO-related sequences. Because the blasts in patient C are immunophenotypically negative for cIgM, selection may be based on a cellular change brought about by a productive rearrangement, not requiring the expression of large quantities of heavy chain protein.
Interestingly, most V, gene replacements in these oligoclonal patients were mediated by very 3' located acceptor V, genes. Possibly, the rate at which V, gene replacement events take place in the initial clone depends on the D-proximal location of the acceptor V, genes involved.
In conclusion, our data confirm that, in childhood pre-B ALL at diagnosis, multiple distinct ongoing rearrangement processes govern subclone formation. The basic rearrangement pattern seems to be determined by the IgH rearrangement status of the precursor cell at the time of malignant transformation. Subsequent rearrangement processes may either be selection independent, taking place at a low frequency in virtually every leukemic cell with an active recombinase machinery, or secondary clones may be subject to a selective growth advantage.
The reliability of a PCR assay that uses IgH rearrangements as tumor-specific marker for the detection of MRD in B-precursor ALL largely depends on the stability of IgH rearrangements in the course of the disease. Therefore, it would be helpful to be able to predict already at diagnosis the pattern of possible ongoing rearrangement events. Of great importance in this context is our hypothesis that ongoing rearrangement processes in B-precursor ALL seem to fit distinct patterns. We assume that, if related clones as a result of v, gene replacements are present at diagnosis, all subsequently generated subclones will share identical DJ segments, enabling the reliable use of oligonucleotide probes directed against the DJH junctional region. The generation of new unrelated subclones may be restricted to a relatively small subgroup of ALL patients who already present with unrelated subclones, and in which the leukemic blasts display stem cell features. For personal use only. on October 25, 2017 . by guest www.bloodjournal.org From
